We identified five (2.3%) fractures of the stem in a series of 219 revision procedures using a cementless, cylindrical, extensively porous-coated, distally-fixed femoral stem. Factors relating to the patients, the implant and the operations were compared with those with intact stems. Finite-element analysis was performed on two of the fractured implants.
Fractures of the femoral stem may occur following primary total hip arthroplasty. [1] [2] [3] [4] [5] [6] [7] [8] Factors predisposing to failure include inadequate support for the implant in the proximal femur, increased weight of the patient 4, 8 and the presence of a stress riser. 1 Finite-element analysis has shown that the highest stress concentrations are around the lateral aspect of the middle third of the femoral stem. A fracture of the stem usually originates from its anterolateral aspect. 9 Placing the stem in a varus position substantially increases the stress on the medial side of the component. 1, 2, 7 The time in situ of the stem before fracture has been recorded as between 2.5 6 and 6.5 years. 5 Changes in the metallurgy and design of the stem have made fracture less common in primary total hip arthroplasty. Fracture of the stem in uncemented revision total hip replacement has rarely been described. 10 One option for revision is to use an extensively porous-coated femoral stem to obtain diaphyseal fixation. Satisfactory outcomes have been reported, with good initial diaphyseal fixation. [11] [12] [13] These designs have been used when the proximal femoral bone was reduced or absent. 11, 13 When such deficiency is not addressed, the distal part of the stem may become solidly ingrown while the proximal part remains unsupported. A temporary reduction in proximal support may also be created during the operation by the use of an extended trochanteric osteotomy.
14 Increased stress in this transition zone may cause catastrophic fatigue failure of the stem.
Patients and Methods
We identified five fractured femoral stems (2.3%) (two Solution; DePuy, Warsaw, Indiana, and three Echelon; Smith and Nephew, Memphis, Tennessee) from a prospectively followed series of 219 patients who had had revision operations using a cementless distallyfixed femoral stem (151 Solution and 68 Echelon). There were 127 men and 72 women with a mean age of 69 years (32 to 93). A direct lateral approach was used in each case. 15 An extended trochanteric osteotomy was employed in 71 (32.4%) patients, in 41 (19%) of whom a strut graft was applied on the tension side of the femur. Details of the 219 patients and the indications for revision are given in Table I . The age, gender, body mass index, Charnley grade, 16 the indication for and the number of revision operations were recorded with factors relating to the implant such as the diameter and length of the stem. A comparison of these variables was carried out in patients with and those without a fractured stem. At operation the deficiency of the proximal femoral bone stock was graded according to the classification of Bourne and Crawford 17 (Table II) .
Statistical analysis was performed using Pearson's chisquared test using SPSS (version 11.5; Chicago, Illinois) to identify those factors which were associated with fracture of the stem. Finite-element analysis was undertaken on two cases to understand better the cause of the fracture.
Results
Details of the patients are given in Table III . The mean time to failure of the stem was 36.6 months (13.5 to 72.2). The mode of failure in each was fatigue (Fig. 1) . At re-operation the distal part of each fractured stem was found to be well fixed in all five.
Four of the five patients had an extended trochanteric osteotomy at the time of the initial procedure. In two of these it was supplemented with a strut graft on the tension side of the femur.
Statistical analysis showed that fracture of the stem was associated with deficient proximal femoral bone stock of type III and type IV (p = 0.001), a body mass index > 30 (p = 0.014), an extended trochanteric osteotomy during the initial revision procedure (p = 0.028), and the use of a revision femoral component with a diameter of less than 13.5 mm (p = 0.007).
We could find no association between the length and type of stem, the gender, the number of revision procedures and the Charnley category of the patient.
Finite-element analysis was performed on two of the five fractured stems. A load of 7695 Nm at 10/10˚ was applied to the end of the trunnion and an abductor load of 4465 Nm at 30˚ to the greater trochanter. This confirmed that the highest stress concentration coincided with the distal end of the trochanteric osteotomy and with the position of the fracture of the stem (Fig. 2) . The addition of a single strut graft on the tension side of the femur with a cable above and below the distal part of the extended trochanteric osteotomy led to a reduction in stress concentration around the femoral component of 48%, compared with that when only one cable was used proximal to the distal end of the extended trochanteric osteotomy to hold it reduced.
Discussion
This is the second report on fracture of the femoral stem in patients undergoing revision total hip arthroplasty using an uncemented cobalt-chrome cylindrical diaphyseal locking femoral revision component.
Soteraeanos et al 18 found two fractures of the stem in 122 patients (1.6%) using an extensively coated singlesized cobalt-chrome femoral component. In a subsequent report on a series of 227 patients when stems of multiple size were available, no further fractures were seen. 18 In our series one fracture occurred in a stem of 15 mm in diameter and all other fractures in those with a diameter of 13.5 mm or less.
In our study 61 patients (28%) had proximal bone deficiency of either grade III or grade IV. In revision hip arthroplasty using a distally-fixed uncemented femoral component the lack of proximal support may be caused by many factors. Reduced bone stock may follow either aseptic or septic loosening of the implant before revision. Weakening of proximal femoral bone support may result from the use of a trochanteric osteotomy at the time of revision.
14 The distal junction of the osteotomy and the diaphysis of the femur may act as a stress riser.
Finite-element analysis on two of the fractured stems supported the use of a strut graft on the tension side of the extended trochanteric osteotomy by reducing the stress on the stem at the junction between the distal osteotomy and diaphysis. In both of the stems which were analysed the fracture occurred at the level of the distal part of the osteotomy.
To reduce the incidence of fracture of the femoral stem in revision total hip replacement using a cobalt-chrome porous-coated diaphyseal fixated stem, we recommend avoidance of the use of stems with a diameter of less than 13.5 mm, particularly in a heavy patient with extensive proximal femoral bone loss. If an extended trochanteric osteotomy is required in patients with poor proximal bone support augmentation with a strut graft on the tension side of the femur secured by proximal and distal cables should be used.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Figure 2b -The application of a strut graft on the tension side of the femur after an extended trochanteric osteotomy reduced the stress on the stem by 48%. Fig. 2b 
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